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[57] ABSTRACT

A three dimensional capacitor structure particularly adapted
for use as a memory cell capacitor of a DRAM is disclosed.
The capacitor structure incorporates the substantially verti-
cal (1n relation to the substrate) sides of a plurality of spacers
into the storage node capacitor to increase the total area of
the storage node capacitor. In the described embodiments of
the invention, a first spacer and a second spacer are formed
next to the digit lines. The bottom storage node plate is
formed on at least the first sides of the spacers to increase
area of the storage node. The bottom storage node plate is
also formed on the upper surface of the digit line. Additional
spacers can also be added to further increase the area of the
storage node. A dielectric layer is formed over the first
capacitor plate and a second capacitor plate layer is formed
over the dielectric layer to complete the structure.

23 Claims, 18 Drawing Sheets
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CAPACITOR STRUCTURES FOR DYNAMIC
RANDOM ACCESS MEMORY CELLS

This is a continuation-in-part of application Ser. No.
07/599,624, filed on Nov. 19, 1990, now abandoned.

BACKGROUND

1. The Field of the Invention

This invention relates to integrated circuit structures.
More particularly, the present invention relates to capacitive

structures used with dynamic random access memory cells
formed on integrated circuits.

2. The Background Art

The mumaturization of electrical components and their
integration on a single piece of semiconductor material has
been the catalyst of a world-wide information revolution. As
integrated circuit technology has progressed, it has been
possible to store ever increasing amounts of digital data in
a smaller space at less expense and still access the data
randomly, quickly, and reliably. Central to this greatly
increased ability to store and retrieve data has been the

dynamic random access memory._. or DRAM, fabricated as
an integrated circuit.

In the case of mass produced DRAMSs, the cost per bit of
memory decreases as the number of bits which can be
reliably stored on each integrated circuit increases. Thus, it
1s advantageous to pack as many memory cells as practically
possible on each square unit of planar area available on an
infegrated circuit.

The memory cells of DRAMs are comprised of two main
components: a transistor and a capacitor. The capacitor of
each memory cell functions to store an electrical charge
representing a digital value (e.g., a charged capacitor rep-
resenting a 1 and a discharged capacitor representing a 0)
with the transistor acting as a switch to connect the capacitor
to the “outside world” via decoding and other circuitry.

The state of the art has progressed to where the transistor
can be made much smaller than the capacitor. In order to
function properly the capacitor must possess a minimum
amount of capacitance. Generally, it is desirable that each
memory cell capacitor, often generally referred to as a
“memory cell,” possess at least 20x10"° farads, and pref-
erably more, of charge storage capacity. If a capacitor
exhibits too liftle capacitance, it will loose any charge placed
upon 1t too rapidly causing errors in data storage.

The capacitive value of a capacitor is dependent upon the
diclectric constant of the material placed between the plates
of the capacitor, the distance between the plates, and the
effective area of the plates. In the case of integrated circuits,
the material used as a dielectric between the plates is
generally limited to only a few materials. Also, the minimum
distance between the capacitor plates is generally limited to
a particular value; once that value 1s exceeded, the occur-
rence of defects becomes unacceptably high. Thus, the one
parameter which can be varied to obtain an increased storage
capacity 1s the area of the plates.

Thus, 1t is a goal of DRAM designers to increase the area
of the capacitor plates as much as possible. Concurrently, it
1s also a goal to reduce the planar area occupied by the
capacitor to a minimum so that as many memory cells as
possible can be packed onto a single integrated circuit. Thus,
various three dimensional structures have been proposed and
adopted in the art to maintain the capacitive value of the
capacitor at a desirably high level while keeping the planar
arca devoted to the capacitor at a minimum.
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Among the proposed schemes for maintaining cell capaci-
tance while decreasing the planar area devoted to the cell is
a fin-like structure. See T. Ema, et. al., “3-dimensional
Stacked Capacitor Cell for 16M and 64M DRAMS,” Int’l.
Electron Devices Meeting Tech. Digest 592-595 (1988).
Disadvantageously, the process proposed in the Ema paper
1s not easy to scale down since the polysilicon node contact
formation has to be aligned very precisely between two
adjacent word lines and also between two adjacent bit or
digit lines. Further, the process described in the Ema paper
requires that the storage node precisely overlap the storage
node contact. All these alignment tolerances will signifi-
cantly increase the cell size for a given photolithography
tool capacity. The structure described in the Ema paper
presents multiple fabrication difficulties in view of present
state of the art techmques available to maintain alignment of
integrated circuit structures.

Other proposed schemes for maintaining or increasing
cell capacitance in a decreasing planar area use a spread
stacked capacitor See S. Inoue, et.al., “A Spread Stacked
Capacitor (SSC) Cell for 6dMBit DRAMS,” Int’l, Electron
Devices Meeting Tech. Digest 31-34 (1989). Disadvanta-
geously, the process described in the Inoue paper is particu-
larly complicated and requires at least two additional mask
steps to form the structures and cannot be made with self
aligning contacts thereby increasing the cell size for a given
photolithography tool capability.

In view of the foregoing, it would be an advance in the art
to provide a structure and method for forming an integrated
circuit capacitor structure which provides increased capaci-
tance without unduly adding processing steps to the fabri-
cation of the integrated circuit and which includes self
aligning structures. It would be another advance in the art to
provide a structure and method for forming an integrated
circuit capacitor structure which provides a higher capaci-
tance per square unit of planar area and which can be
reliably manufactured and operated and which is particularly
adapted for integration into DRAM memory cells.

BRIEF SUMMARY AND OBJECTS OF THE
INVENTION

In view of the above described state of the art, the present
invention seeks to realize the following objects and advan-
tages.

It 1s a primary object of the present invention to provide
a structure for, and a method for forming, an integrated
circuit capacitor which provides greater capacitance per unit
of planar area without unduly adding processing steps or
complexity to the fabrication of the overall integrated cir-
cuit.

It 1s also an object of the present invention to provide a
structure and method for forming an integrated circuit
capacitor which provides a higher capacitance per unit of
planar area and which includes a self aligning storage node
contact.

It is another object of the present invention to provide a
structure and method for forming an integrated circuit
capacitor which provides a greater charge storage capacity
per unit of planar area and which can be reliably manufac-
tured and operated.

It is still another object of the present invention to provide
a structure and method for forming an integrated circuit
capacitor which provides a high capacitance per unit of
planar area and which is particularly adapted for integration
into DRAM memory cells.
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These and other objects and advantages of the invention
will become more fully apparent from the description and
claims which follow, or may be learned by the practice of the
invention.

The present invention comprises a three dimensional

capacitor structure particularly adapted for use as a memory
cell capacitor of a DRAM. When included as part of a

DRAM memory cell, the capacitor structure increases the
capacitance (and thus the charge stored on the structure) by
up to 300% over conventional planar capacitor structures
occupying the same planar arca. The capacitor structure
- incorporates a vertical (in relation to the substrate) area
component into the storage node capacitor and utilizes it to
its full advantage.

The capacitor structure of the present invention includes
a plurality of vertical spacers. The vertical spacers are
adapted for supporting additional layers of material formed
on their sides. The spacers each include. first and second
preferably vertical, parallel sides.

A first capacitor plate layer is formed on at least a first side

of the first spacer and at least a first side of the second spacer,

and any surface adjoining the two spacers. The first capaci-
tor plate functions as the storage node of the memory cell
and a storage node contact is made between the first capaci-
tor plate and the substrate.

A dielectric layer is provided over the first capacitor plate
and a second capacitor plate is provided over the dielectric
layer. The present invention thus uses the preferably sub-
stantially vertical sides of a plurality of spacers to impart
greater area to the first capacitor plate. The spacers prefer-
ably comprise elongated protrusion-like structures which
extend substantially perpendicularly from the plane of the
substrate. |

In one embodiment of the present invention, herein
referred to as an M cell, the first and second spacers are
formed immediately adjacent to a first bit or digit line and a
second bit or digit line, respectively. In the M cell embodi-
ment, the spacers are formed higher than the completed
height of the bit or digit lines and the first capacitor plate is
formed on at least a portion of the tops of the bit or digit
lines, on at least a portion of both sides of the spacers, and

on the area between the spacers. Thus, the area of the

capacitor has been increased by at least the vertical compo-
nent of the spacers without increasing the planar area
devoted to the capacitor.

In another embodiment of the present invention, herein
referred to as a Wave cell, the first and second spacers are
also formed immediately adjacent to a first bit or digit line
and a second bit or digit line, respectively. In the Wave cell
embodiment, third and fourth spacers are also formed
between the first and second spacers. The first capacitor
piate is formed on top of at least a portion of the digit lines,
on one side of each of the first and second spacers, on both
sides of the third and fourth spacers, and on the area between
the spacers. Thus, in the Wave cell embodiment, the area of
the capacitor has been further increased by the vertical
component of four spacers without increasing the planar
area devoted to the capacitor structure.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above-recited and
other advantages and objects of the invention are obtained
can be appreciated, a more particular description of the
invention briefly described above will be rendered by ref-
erence to specific embodiments thereof which are illustrated
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4

in the appended drawings. Understanding that these draw-
ings depict only typical embodiments of the invention and
are not therefore to be considered limiting of its scope, the
invention and the presently understood best mode thereof
will be described and explained with additional specificity
and detail through the use of the accompanying drawings in
which: -

FIG. 1 1s a top view of a partially ‘completed first M
memory cell embodiment, or M cell, of the present invention
wherein section line A—A represents the view of FIGS.
2A-8A and wherein section line B—B (taken through the
storage node contact) represents the view of FIGS. 2B-8B.

FIGS. 2A-2B represent the formation of two digit lines in
accordance with the present invention.

FIGS. 3A-3B represent the formation of digit line spacers
for the M cell in accordance with the present invention.

FIGS. 4A-4B represent the patterning of a photoresist
layer prior to formation of the M memory cell storage node
contact.

- FIGS. 5A-5B represent the formation of the M memory
cell storage node contact (shown in FIG. 5B).

FIGS. 6 A-6B represent the removal of the top disposable
layer of the digit lines.

FIGS. 7A-7B represent the formation of the M memory
cell capacitor bottom plate.

- FIGS. 8A-8B represent the formation of the M memory
cell dielectric layer and the capacitor top plate.

FIG. 9 1s a top view of a partially completed Wave
memory cell, or Wave cell, of the present invention wherein
section lines A—A and C—C represents the views of FIGS.
10A-16A and 10C-16C, and wherein section lines B—B
and D—D (taken through the storage node contact) repre-
sent the view of FIGS. 10B-16B and 10D-16D.

FI1GS. 10A-10B represent the formation of two digit lines
in accordance with the present invention.

FIGS. 11A-11B represent the formation of digit line
composite spacers for the Wave cell in accordance with the
present invention.

FIGS. 11C-11D represent the formation of Wave memory
cell digit line composite spacers in accordance with the
present invention. |

FIGS. 12A-12B represent the formation of additional
Wave memory cell digit line spacers.

FIGS. 13A-13B represent the patterning of a photoresist
layer prior to formation of the Wave memory cell storage
node contact (FIG. 13B).

FIGS. 13C-13D represent the formation of a digit line
plug spacer to create a Half-Wave cell as an alternative to the

formation of digit line spacers represented in FIGS.
13A-13B.

FIGS. 14A-14B represent the removal of a portion of the
Wave memory cell digit line composite spacers.

FIGS. 15A-15B represent the formation of the Wave
memory cell capacitor bottom plate.

FIGS. 16A-16B represent the formation of the Wave
memory cell dielectric layer and the capacitor top plate.

'DETAILED DESCRIPTION OF THE
- PREFERRED EMBODIMENTS

Reference will now be made to the drawings wherein like
structures will be provided with like reference designations.
In order to show the structures of the present invention most
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clearly, the drawings included herein are diagrammatic
representations of integrated circuit structures. Thus, the
actual appearance of the fabricated structures, for example in
a photomicrograph, may appear different while still incor-
porating the essential structures of the present invention.
Moreover, the drawings show only the structures necessary
to understand the present invention. Additional structures
known in the art have not been included to maintain the
clarity of the drawings.

FIG. 1 1s a top view of a partially completed first M
memory cell, or M cell, of the present invention. The view
provided in FIG. 1 represents the bottom capacitor plate of
the memory cell. In FIG. 1, only the bottom capacitor plate
of only one memory cell is represented to maximize the
clarity of the figure. However, many capacitors may be
stacked on top of one another to accommodate side by side
positioning of the memory cells.

The embodiments of the present invention which are
described herein are generally referred to as an M memory
cell, or M cell, and a Wave memory cell, or Wave cell. The
labels M cell” and “Wave cell” are due to the similarity of
the dielectric layer of the cell capacitor to an M shape or a

Wave shape when viewed in cross section as shown in FIGS.
7A and 1SA, respectively.

In FIG. 1, section line A—A represents the cross sectional
view from which FIGS. 2A—8A are taken. Section line B—B
represents-the cross sectional view from which FIGS.
2B-8B are taken. Views taken through line B—B show the
cell topology at the memory cell storage node contact.

As explained earlier, it is a challenge to designers of
DRAMs to maintain the level of charge stored by each cell
as the packing density of the integrated circuit increases and
the planar area devoted to each cell decreases. In view of the
difficulties encountered with prior attempts to further
decrease the thickness of the dielectric layer or to increase
the dielectric constant of the dielectric material, the present
invention increases the amount of charge which each
memory cell can store per unit of planar area by incorpo-
rating a substantially vertical component into the area of the
capacitor plates.

While the herein described method is preferred for form-
ing the structures of the present invention, the present
invention may desirably make use of other steps to form the
described structures. By utilizing the herein described three
dimensional capacitor structure, the present invention
increases the capacitance of the structure per square unit of
planar space occupied by the structure. Moreover, the

present invention may be used in devices other than
DRAMs.

Still further, the present invention achieves its advantages
while, in 1ts described preferred embodiments, not requiring
any additional photolithographic step and while avoiding
unduly complex fabrication steps. Moreover, the present
invention provides the advantageous feature that the storage
node contact is fully self aligned. Consequently, the storage
node does not need to expand past the storage node contact,
nor does the storage node contact need to be placed accu-
rately between digit lines and word lines, allowing the cell
to be scaled down further for a given photolithography
capability.

The following description will explain the principal fab-
rication steps necessary to make the described embodiments
of the present invention. Preliminarily to describing the
steps and the structures of the present invention, the steps
known in the art for fabricating DRAMs will be briefly
explained to provide a complete setting for the description of
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the figures will be referenced to describe the embodiments
of the present invention.

First during the fabrication of DRAMS, as is known in the
art, the definition of field areas and active areas on the
substrate occurs. The field areas are used to isolate active
devices from each other and are generally formed with a

thick oxide growth. The active areas are generally covered
with a gate oxide.

Next, the formation of word lines occurs. The word lines
also form the gates of the access devices, generally field
effect transistors. Typically, the word lines, represented in
phantom image at 103A-C in FIG. 1, are formed by depos-
iting a polysilicon layer (1000 A to 3000 A) , a silicide layer
(1000 A to 2000 A) , and a silicon dioxide layer (2000 A to
4000 A) . Word line spacers are next formed to isolate the
word lines from future digit line deposition and to offset the
source drain implants from the transistors. The source and
drain regions of the access devices are also doped with

appropriate materials. Following the formation of the word
lines, their associated structures, and the source and drain
regions, an oxide layer is deposited to isolate active areas
which are exposed and contacts for the digit lines are opened
in specific areas.

In the following description of the M cell embodiment of
the present invention, reference will be made to FIGS. 2-8.
In FIGS. 2-8, as well as in FIGS. 10-16 illustrating the
Wave cell embodiment of the present invention, only one
storage node (also referred to herein as a storage capacitor)

1s represented in cross Section. Other storage nodes to be
included in the DRAM can be similarly fabricated.

In the following figures labeled with a “B” suffix, the
cross section 1s taken through the storage node contact.
Thus, in figures which represent fabrication steps taken prior
to storage node contact formation, both figures labeled with
an “A” and a “B” suflix will show relatively identical
structures. Alternatively, in figures which represent fabrica-
tion steps taken during or after storage node contact forma-
tion, the figures labeled with an “A” will show a different

structure than those labeled with a “B” suffix.

Referring now to FIGS. 2A and 2B, a silicon substrate 100
1s represented. A silicon dioxide layer (SiO,) 102 and a field
oxide region (Fox) 101 are formed on the substrate 100.
Field Oxide region 101 may be grown by conventional
techniques known to the artisan. It will be appreciated that
the herein described steps, materials, and structure comprise
the presently preferred best known mode for carrying out the
invention and other steps, materials, and structures, both
those now known in the art and those to be developed in the
future, may be used within the scope of the present inven-
tion. Also represented in FIGS. 2A-B are the digit lines
104A-B which are formed on the substrate 100. The digit
lines 104A-B comprise polysilicon layers 106A-B (1000 A
to 3000 A), silicide layers 108A-B (1000 A to 2000 A), and
top insulating layers 110A-B (2000 A to 5000 A) which in
the described embodiment are formed using silicon dioxide
(510,) as a dielectric.

Also provided in the embodiment illustrated in FIGS.
2A-B is a top layer 112A-B which will be removed later in
the process as explained shortly. The top layers 112A-B may
comprise a layer of Si;N, (as represented in FIGS. 2-8) or
may comprise other materials (such as silicon dioxide with
appropriate changes in other materials) which can serve as
a removable layer. Also, the silicide layer 108A-B can
comprise TiSi, or other appropriate materials.

Referring next to FIGS. 3A-B, the digit line spacers
114A-B are formed. The described digit line spacers are one
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preferred example of a spacer means for supporting a
subsequently formed layer. Other structures performing the
same functions are to be considered equivalent to the spacers
described in connection with the presently preferred
embodiments of the invention.

As can be seen in FIGS. 3A-B, the digit line spacers
114A-B are preferably elongated protrusions extending sub-
stantially perpendicularly from the plane of substrate 100.

The shape of the digit line spacers 114A-B may be shaped
differently than that shown in the figures according to the
particular processing techniques used and/or the character-
istics of the cell which are desired. At least half of the spacer
sides should be oriented at an angle greater than 45° and
ost preferably in the range from 75° to substantially
perpendicular to the plane of the substrate 100.

Also, it is generally preferred that the height of the spacers
114 be at least two times as great as the width of the spacer
at its base. As will be appreciated after consideration of this
disclosure, in many cases it is desirable to maintain the
spacer sides as substantially vertical as possible so that the
surface area of the sides of the spacers 114 is maximized. As
used herein, the terms “vertical” and *“horizontal” are to be
taken 1in relation to the plane of the substrate 100. Further-
more, 1t should be appreciated that the structures of the
present invention may be fabricated such that many layers of
material are interposed between the substrate 100 and the
capacitor structures. .

The digit line spacers 114A-B are preferably formed by
silicon dioxide deposition followed by a dry etch step.
Silicon dioxide is preferred but other materials may also be
used. For example, if the digit line spacers 114A-B are
formed using Si0, the top layers 112A-B can be desirably
formed using Si,N, and vice versa.

FIGS. 4A-B represent a step directed to the creation of a
storage node contact, i.e., the contact between the bottom
plate of the storage capacitor and the appropriate active
region of the silicon substrate 100. Represented in FIGS.
4A-B is a photoresist layer 116 which is applied and then
patterned. In FIG. 4A, no patterning of the photoresist layer

116 is evident but in FIG. 4B, showing a view taken through

the storage node. contact as represented in FIG. 1, the
patterning of the photoresist layer is evident, and the storage
node contact is shown to overlap digit line 104 A, illustrating
the self-aligned nature of this process.

FIGS. SA-B will be referred to next. After the photoresist
layer 116 has been patterned, a storage node contact open-
ing, indicated by arrows 122, in the silicon dioxide layer 102
is formed by a dry oxide etch procedure. The opening 122
provides for the formation of the storage node contact with
the substrate 100. The etching of the storage node contact

opening 122 may be carried out using an isotropic dry etch
followed by an anisotropic oxide etch to increase the overall

storage node contact size. Alternatively, the etching of the
storage node contact opening 122 may be carried out using
a straight anisotropic oxide etch or other suitable techniques.

The use of the former technique will generally result in a
larger overall storage node contact, i.e., a greater dimension
at 118 and at 120. When a larger storage node contact is
formed, some capacitance is lost but the larger storage node
contact may result in a lower defect density.

Significantly, it will be appreciated that the storage node
contact is self aligned with respect to both the word line and
the digit line. This characteristic of the present invention is
a great advance over other structures which seek to increase

cell capacitance through the use of three dimensional
schemes.
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FIGS. 6A-B represent the structures of the M cell
embodiment after removal of the photoresist layer 116 and
the removal of the top layers 112A-B from the digit lines
104A-B. The top layers 112A-B (comprising Si;N, in the

represented embodiment) are preferably removed by a selec-

tive wet nitride etch which will not attack either the exposed
silicon or silicon dioxide.

FIGS. 7A-B 1illustrate the addition of cell storage node
layers 124A-C which function as the capacitor bottom plate
for the cells. The contact between the storage node layer
124B and the substrate 100 can be seen in FIG. 7B. The
storage node layers 124A-C in the described embodiments
are conductive layers which preferably comprise polysili-
con. The polysilicon is preferably deposited to about S000 A
to about 3000 A thick and is patterned and etched to form the

1solated storage nodes (capacitors) for each of the memory
cells.

Referring next to FIGS. 8A-B, after the formation of the
cell node, e.g., 124B, a thin storage dielectric layer 126 is
deposited. It will be appreciated that a thinner storage
dielectric layer 126 is desirable but that as the storage
dielectric layer 126 becomes too thin, the number of defects
which occurs becomes unacceptable. In the illustrated
embodiments, the storage dielectric layer 126 is about 50 A
to about 100 A thick and is comprised of Si,N,. The Si;N,
storage dielectric layer is generally reoxidized to remove
defects.

Still referring to FIGS. 8A-B, another conductive layer,
preferably a polysilicon top plate 128 (which is common to
all of the memory cells) is deposited on the underlying

structures. This polysilicon top plate 128 is generally about
2000 A to about 4000 A thick.

Viewing FIGS. 8A-B, it can be appreciated that the
capacitor bottom plate, e.g., 124B, resembles an “M” when
viewed 1n cross section. Thus, the term “M cell” has been
adopted to refer to the structure represented in FIGS. 1-8.
Most importantly, the square area of the storage node layer
124B, or capacitor bottom plate, has greatly increased over
flat capacitor structures occupying the same planar area.
Moreover, the present invention provides a reliably fabri-
cated structure having a fully self aligned storage node
contact.

The Wave cell embodiment of the present invention will
be described next. The Wave cell embodiment can provide
even greater charge storage capacity than the previously
described M cell embodiment while retaining the same
advantages over the previously available art.

In FIG. 9, section lines A—A and C—C represent the
view from which FIGS. 10A-16A and 10C-16C are taken. -
Section lines B—B and D—D represent the view from
which FIGS. 10B 16B and 10D-16D are taken. Views taken
through line B—B or D—D show the topology at the
memory cell storage node contact. In FIG. 9, as in FIG. 1,
three word lines 203A-C (shown in phantom) and two digit
lines 204A-B are diagrammatically represented. It will be
appreciated that the memory cell capacitors of the Wave cell
can be “stacked upon” each other as described earlier. For
increased clarity, FIG. 9 only shows one capacitor structure.

As described in connection with the M cell embodiment,
the steps of defining the field areas and active areas on the
substrate, covering the active areas with a gate oxide, the
formation of word lines, the formation of word line spacers,
the formation of the source and drain regions, and the
deposition of an oxide layer and the formation of contacts
for the digit lines are carried out using conventional fabri-
cation steps.
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Referring now to FIGS. 10A and 10B, a silicon substrate
200 is represented. A field oxide region 201, which may be
conventionally grown, is also shown. A silicon dioxide layer
(510,) 202 is also formed on substrate 200. Also represented
in FIGS. 10A-B are digit lines 204A-B which are formed on
the substrate 200. The digit lines 204A-B comprise poly-
silicon layers 206A-B (1000 A to 3000 A), silicide layers
208A-B (1000 A to 2000 A), and top insulating layers
210A-B (2000 A to 5000 A).

The formation of the first digit line spacers are repre-
sented in FIGS. 11A-B. The first digit line spacers are
composite. structures formed by creating a SiO, spacer
component 212A-B and a Si;N, spacer component 214A-B.
The S1;N, spacer component 214A-B will be removed later
in the process to leave the SiO, spacer component 212A-B
exposed. The SiO, spacer component 212A-B is another
example of the spacer means of the present invention. FIGS.
11C-D illustrate another composite structure which can be
used to form the first digit line spacers.

[llustrated in FIGS. 11C-D is another structure for the
formation of the first digit line spacers and represents
another example of the spacer means of the present inven-
tion. Represented in FIGS. 11C-D are a SiO,, spacer com-
ponent 216A-B which is deposited and then etched and a
51,N, spacer component 218A-B which is also deposited
and then etched. The Si;N, spacer component 218A-B will
later be removed. The structures represented in FIGS.
11C-D may be used in the subsequent steps if desired.

FIGS. 12A-B represent the formation of second digit line
spacers 228A-B. The second digit line spacers 228A-B are

another example of a spacer means in accordance with the

present 1nvention.

FIGS. 13A-B represent a step taken to create a storage

node contact, 1.e., the contact between the bottom plate of
the storage capacitor and the appropriate active region of the
silicon substrate 200. Represented in FIGS. 13A-B is a
photoresist layer 220 which is applied and then patterned. In
FIG. 13A, no patterning of the photoresist layer 220 is
evident but in FIG. 13B, showing a section through the
storage node contact as represented in FIG. 9, the patterning
of the photoresist layer is evident.

Still referring to FIGS. 13A-B, after the photoresist layer
220 has been patterned, a storage node contact opening,
indicated by arrows 226, in the silicon dioxide layer 202 is
formed by an etching process. The opening 226 provides for
the formation of the storage node contact with the substrate
200. As explained in connection with the M cell embodi-
ment, the etching of the storage node contact opening 226
may be carried out using an isotropic dry etch followed by
an anisotropic oxide etch to increase the overall storage node
contact size. Alternatively, the etching of the storage node
contact opening 226 may be carried out using a straight
anisotropic oxide etch or some other suitable technique.

Significantly, it will be appreciated that in the Wave cell
embodiment, as in the M cell embodiment, the storage node
contact 1s self aligning with respect to both the word line and
the digit line. This characteristic of the present invention is
a great advantage over other structures which seek to

increase cell capacitance through the use of three dimen-
sional schemes.

In the described structure, the second digit line spacers
228A-B comprise polysilicon. Since polysilicon is a rela-
tively good conductive material, forming the second digit
line spacers 228A-B out of polysilicon provides both physi-
cal support for storage node layers 232A-C to be formed
later (see FIGS. 15A-B) but also reduce the electrical
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resistance of the polysilicon storage node layers. Other

materials could be used within the scope of the present
invention.

FIGS. 13C-D illustrate the formation of a plug spacer
230. The plug spacer 230 is formed if the thickness of the
second digit line spacers 228A-B and 228A-B is great

enough and/or the distance between adjacent digit lines is

small enough to cause the second digit line spacers to merge

into one structure. The plug spacer 230 is another preferred
example of a spacer means in accordance with the present
mvention and may also be formed in ways other than those
explicitly described herein.

The inclusion of the plug spacer 230, which in the
1llustrated embodiment is comprised of polysilicon, results
in a completed structure which is referred to as a half-wave
cell due to 1its resemblance to a half wave when viewed in
cross section. The formation of the completed half-wave cell
will be understood when the remaining steps, represented in

FIGS. 14-16, are considered and thus need not be further
explained at this point.

FIGS. 14A-B represent the removal of the Si;N, spacer
component 214A-B of the first digit line spacers. The
removal of the Si,N, spacer component 214A-B of the first
digit line spacers leave the second digit line spacers 228A-B
as free standing structures. The foot of the SiO, spacer
component 214A-B of the first digit line spacer is desirably
formed so that it contacts the base of the second digit line
spacers 228A-B to lend support thereto.

It will be appreciated that it is within the scope of the
present invention to add additional spacers if desired. For

example, fifth and sixth spacers could be added to the
structure of the Wave cell.

FIGS. 15A-B illustrate the addition of cell node layers
232A-C which function as the capacitor bottom plate for the
cells. As can be seen in FIGS. 15A-B, the cell node layers
232A-C are formed over the top side of each spacer and also
over at least one side of the substantially vertical sides of the
spacers. The contact between the node layer 232B and the
substrate 120 can be seen in FIG. 15B. The node layers
232A-C in the described embodiments preferably comprise
polysilicon which is deposited from about 500 A to about
3000 A thick and which is patterned and etched to form the

1solated storage nodes (capacitors) for each of the memory
cells.

Reterring next to FIGS. 16 A-B, after the formation of the
cell node, e.g., 232B, a thin storage dielectric layer 234 is
deposited. As explained in connection with the M cell
embodiment, 1t will be appreciated that a thinner storage
dielectric layer is desirable but that as the storage dielectric
layer becomes too thin, the occurrence of defects generally
increases. Similarly to the M cell embodiment, the storage
dielectric layer 234 represented in FIGS. 16A-B is about 50
A to about 100 A thick and is comprised of Si,N,. The S1.N,
storage dielectric layer 234 is generally reoxidized to
remove defects.

Still referring to FIGS. 16A-B, a polysilicon top plate 236
of the cell 1s deposited on the preceding structures. This

polysilicon top plate 128 is generally about 2000 A to about
4000 A thick.

Viewing FIGS. 16A-B, it can be appreciated that the
storage node 232B, ie., the capacitor bottom plate,
resembles a “Wave” when viewed in cross section. Thus, the

term ““Wave cell” has been adopted to refer to the structure

represented in FIGS. 9-16. Most importantly, the area of the
storage node layers, or capacitor bottom plates, has greatly
increased over flat capacitor structures occupying the same
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planar area. Moreover, the present invention provides a

reliably fabricated structure having a fully self aligned

storage node contact.

From the foregoing, it will be understood that the present
invention provides a structure and method for forming an
integrated circuit capacitor which provides a higher capaci-
tance per unit of planar area without unduly adding process-
ing steps or complexity to the fabrication of the overall
integrated circuit. Further, the present invention provides a
structure and method for forming an integrated circuit
capacitor structure which provides a high capacitance per
unit of planar area occupied by the capacitor, which includes
self aligned contacts, and which can be reliably manufac-
tured and operated. The present invention also provides an
integrated circuit capacitor structure which provides a higher
capacitance per unit of planar area and which is particularly
adapted for integration into DRAM memory celis.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed and desired to be secured by United
States Letters Patent is:

1. A capacitor structure for use on an integrated circuit
dynamic random access memory having first and second
word lines and first and second parallel digit lines, the
integrated circuit being fabricated on a semiconductor sub-
strate, the capacitor structure comprising:
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first spacer means for supporting a subsequently formed '

layer, the first spacer means comprising at least first and
‘second sides, the first spacer means being immediately
adjacent to the first digit line;

second spacer means for supporting a subsequently
formed layer, the second spacer means comprising at
least first and second sides, the second spacer means
bemg 1mmediately adjacent to the second digit line;

a first capacitor plate layer formed on at least a first side
of the first spacer means and a first side of the second
spacer means and at least a portion of any surfac
adjoining therebetween; |

a dielectric layer formed over the first capacitor plate;

35
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a second capacitor plate formed on the dielectric layer, the

sides of the first and second spacer means supporting at
least part of the capacitor structure on the integrated
circuit; and

a third spacer means for supporting a subsequently
formed layer, the third spacer means comprising at least
first and second sides and positioned between the first
and second spacer means and wherein the first capaci-
tor plate layer is formed on the first and second sides of
the third spacer means and at least a portion of any
surface adjoining between the third spacer means and

the first and second spacer means, wherein the capaci--

tor structure has a maximum of two capacitor plates.

2. A capacitor structure for use on an integrated circuit as
defined in claim 1, further comprising a fourth spacer means
for supporting a subsequently formed layer, the fourth
spacer means comprising at least first and second sides and
positioned between the second and third spacer means and
wherein the first capacitor plate layer is formed on the first
and second sides of the fourth spacer means and at least a
portion of any surface adjoining between the fourth spacer
means and the second and third spacer means.
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3. A capacitor structure for use on an integrated circuit as
defined in claim 1, wherein each of the spacer means
comprise an elongated protrusion extending substantially
perpendicularly from the plane of the substrate, the elon-
gated protrusion having a height at least two times as great
as its width at its base.

4. A capacitor structure for use on an integrated circuit as
defined in claim 2, wherein each of the spacer means
comprise an elongated protrusion extending substantially

perpendicularly from the plane of the substrate, the elon- -
gated protrusion having a height at least two times as great
as 1ts width at its base.

S. A capacifive storage node for a dynamic random access
memory device, the dynamic random access memory device
comprising a first digit line and a second digit line substan-
tially parallel to the first digit line along at least a portion of
their length and including a plurality of memory cells all
being fabricated on a semiconductor substrate, the capaci-
tive storage node comprising:

a first protrusion formed between the first digit line and
the second digit line and immediately adjacent to the
first digit line, the first protrusion extending substan-
tially perpendicularly from the plane of the semicon-
ductor substrate, the shape of the first protrusion being
substantially elongated and having a first side and a
second side;

a second protrusion formed between the second digit line
and the first protrusion and immediately adjacent to the
second digit line, the second protrusion extending
substantially perpendicularly from the plane of the
semiconductor substrate, the shape of the second pro-
trusion being substantially elongated and having a first
side and a second side;

a first conductive layer formed over at least the first side
of the first protrusion, over at least the first side of the
second protrusion, and over at least a portion of the
surface between the first and the second protrusions,
the first conductive layer functioning as a first capacitor
plate for an individual memory cell;

a dielectric layer formed over the first conductive layer;

a second conductive layer formed over the dielectric
layer, the second conductive layer functioning as a
second capacitor plate; |

a third protrusion formed between the first protrusion and
the second protrusion, the third protrusion extending
substantially perpendicularly from the plane of the
semiconductor substrate, the shape of the third protru-
sion being substantially elongated and having a first
side and a second side; and

a fourth protrusion formed between the third protrusion
and the second protrusion, the fourth protrusion extend-
ing substantially perpendicularly from the plane of the
semiconductor substrate, the shape of the fourth pro-
trusion being substantially elongated and having a first
side and a second side, the first conductive layer being
formed over at least a portion of the first and second
stdes of each of the third and fourth protrusions;

wherein the capacitive storage node has a maximum of
two capacitor plates.
6. A dynamic random access memory device including a
plurality of memory cells, the device comprising:

a semiconductor substrate:
a first word line;

a second word line;

a first digit line;
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a second Idigit line;

a first spacer positioned immediately adjacent to the first

digit line and extending substantially perpendicularly
from the plane of the semiconductor substrate, the first
spacer having first and second sides, the height of the
first spacer being at least two times as great as its width
at its base, the first spacer being substantially parallel to
the first digit line; |

a second spacer positioned immediately adjacent to the
second digit line and extending substantially perpen-
dicularly from the plane of the semiconductor sub-
strate, the second spacer having first and second sides,
the height of the second spacer being at least two times
as great as its width at its base, the second spacer being
substantially parallel to the second digit line and posi-
tioned between the first spacer and the second digit
line;

a storage node layer formed on at least the first side of the
first spacer and at least the first side of the second
spacer and at least some of any space existing between
the first and the second spacers;

a dielectric layer formed over the storage node layer;

a cell plate layer formed over the dielectric layer, such that
the storage node layer, the dielectric layer, and the cell
plate layer together form a memory cell capacitor;

a third spacer extending substantially perpendicularly
from the plane of the semiconductor substrate, the third
spacer having first and second sides and being substan-
tially parallel to the first digit line and positioned
between the first spacer and the second spacer; and

a fourth spacer extending substantially perpendicularly
from the plane of the semiconductor substrate, the
fourth spacer having first and second sides and being
substantially parallel to the second digit line and posi-
tioned between the third spacer and the second spacer,
the storage node layer being further formed on the first
and second sides of the third spacer and the first and
second sides of the fourth spacer and at least some of
any space existing between the third and the fourth
spacers; ~

wherein the first spacer has a height greater than the first
digit line and wherein the second spacer has a height
~greater than the second digit line and wherein the
storage node layer is formed over a portion of the first
digit line and a portion of the second digit line.

7. A dynamic random access memory device including a
plurality of memory cells as defined in claim 6, wherein the
memory cell capacitor has a maximum of three layers.

8. A dynamic random access memory device including a
plurality of memory cells as defined in claim 6, further
comprising a self aligned storage node contact between the
storage node layer and the substrate.

9. A dynamic random access memory device including a
plurality of memory cells, the device comprising:

a semiconductor substrate;
a first word line;

a second word line;

a first digit line;

a second digit line;

a first spacer positioned immediately adjacent to the first
digit line and extending substantially perpendicularly
‘from the plane of the semiconductor substrate, the first
spacer having first and second sides, the height of the
first spacer being at least two times as great as its width
at its base, the first spacer being substantially parallel to
the first digit line;
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a second spacer positioned immediately adjacent to the
second digit line and extending substantially perpen-
dicularly from the plane of the semiconductor sub-
strate, the second spacer having first and second sides,
the height of the second spacer being at least two times
as great as its width at its base, the second spacer being
substantially parallel to the second digit line and posi-

tioned between the first spacer and the second digit
line;
a storage node layer formed on at least the first side of the

first spacer and at least the first side of the second

spacer and at least some of any space existing between
the first and the second spacers;

a dielectric layer formed over the storage node layer;

a cell plate layer formed over the dielectric layer, such that
the storage node layer, the dielectric layer, and the cell
plate layer together form a memory cell capacitor;

a third spacer extending substantially perpendicularly
from the plane of the semiconductor substrate, the third
spacer having first and second sides and being substan-
tially parallel to the first digit line and positioned
between the first spacer and the second spacer; and

a fourth spacer extending substantially perpendicularly
from the plane of the semiconductor substrate, the
fourth spacer having first and second sides and being

substantially parallel to the second digit line and posi-
tioned between the third spacer and the second spacer,
the storage node layer being further formed on the first
and second sides of the third spacer and the first and
second sides of the fourth spacer and at least some of

any space existing between the third and the fourth
Spacers;

wherein the first spacer has a height not greater than the
first digit line and wherein the second spacer has a

~ height not greater than the second digit line and
wherein the storage node layer is formed over at least
a portion of the first digit line and at least a portion of
the second digit line.

10. A dynamic random access memory device including a
plurality of memory cells as defined in claim 9, wherein the
memory cell capacitor has a maximum of three layers.

11. A dynamic random access memory device including a
plurality of memory cells as defined in claim 9, further
comprising a self aligned storage node contact between the
storage node layer and the substrate.

12. A method of fabricating a capacitor structure on an
integrated circuit substrate comprising the steps of:

forming a first spacer means for supporting a subse-
quently formed layer, the first spacer means comprising
at least first and second sides;

forming a second spacer means for supporting a subse-
quently formed layer, the second spacer means com-
prising at least first and second sides, wherein the step
of forming the first spacer means and the step of
forming the second spacer means result in the first
spacer means and the second spacer means being
~oriented in a substantially parallel arrangement;

forming a first capacitor plate layer on at least a first side
of the first spacer means and a first side of the second
spacer means and at least a portion of any surface
adjoining therebetween;

forming a dielectric layer over the first capacitor plate;

forming a second capacitor plate on the dielectric layer,
the first sides of the first and second spacer means
supporting at least part of the capacitor structure on the
integrated circuit; and
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forming a third spacer means for supporting a subse-
quently formed layer, the third spacer means compris-
ing at least first and second sides, the third spacer
means positioned between the first and second spacer
means and wherein the first capacitor plate layer is
formed on the first and second sides of the third spacer
means and at least a portion of any surface adjoining
between the third spacer means and the first and second
spacer means.

13. A method of fabricating a capacitor structure on an
integrated circuit substrate ‘as defined in claim 12, further
comprising the step of forming a fourth spacer means for
supporting a subsequently formed layer, the fourth spacer
means comprising at least first and second sides, the fourth
spacer means positioned between the second and third
spacer means and wherein the first capacitor plate layer is
formed on the first and second sides of the fourth spacer
means and at least a portion of any surface adjoining
between the fourth spacer means and the second and third
spacer means. |

14. A method of fabricating a capacitor structure on an
integrated circuit substrate as defined in claim 12, wherein
the third and fourth spacer means each comprise an elon-
gated protrusion extending substantially perpendicularly
from the plane of the substrate, the elongated protrusion
having a height at least two times as great as its width at its
base.

15. A method of fabricating a capacitor structure on an
Iintegrated circuit substrate as defined in claim 13 wherein
the third and fourth spacer means each comprise an elon-

gated protrusion extending substantially perpendicularly-

from the plane of the substrate, the elongated protrusion

having a height at least two times as great as its width at its-

base. |

- 16. A method of fabricating a capacitor structure on an
- integrated circuit substrate as defined in claim 14, wherein
the integrated circuit comprises a dynamic random access
memory having a first word line, a second word line, a first
digit line, and a second digit line, the first and second digit
lines being parallel, and wherein the step of forming the first
spacer means comprises the step of forming the first spacer
means i1mmediately adjacent to the first digit line and
wherein the step of forming the second spacer means
comprises the step of forming the second spacer means
immediately adjacent to the second digit line.

17. A method of fabricating a capacitor structure on an
integrated circuit substrate as defined in claim 15, wherein
the integrated circuit comprises a dynamic random access
memory having a first word line, a second word line, a first
digit line, and a second digit line, the first and second digit
lines being parallel, and wherein the step of forming the first
spacer means comprises the step of forming the first spacer
means immediately adjacent to the first digit line and
wherein the step of forming the second spacer means
comprises the step of forming the second spacer means
immediately adjacent to the second digit line.

18. A method of fabricating a capacitor structure on an

integrated circuit substrate as defined in claim 16, wherein -

the step of forming the first spacer means comprises the step
of forming the first spacer means to a height greater than the
first digit line and wherein the step of forming the third
spacer means comprises the step of forming the third spacer
means to a height which is less than the first or second digit
lines.

19. A method of fabricating a capacitor structure on an
integrated circuit substrate as defined in claim 17, wherein
the step of forming the first spacer means comprises the step

10

15

20

25

30

35

4()

45

50

35

60

65

16

of forming the first spacer means to a height greater than the
first digit line and wherein the step of forming the third
spacer means comprises the step of forming the third spacer
means to a height which is less than the first or second digit
lines.

20. A method of forming a storage node capacitor for a
dynamic random access memory device comprising a first
digit line and a second digit line substanfially parallel to the
first digit line, the dynamic random access memory device
being fabricated on a substrate, the method comprising the
steps of:

forming a first spacer between the first digit line and the

second digit line such that the first spacer extends
substantially perpendicularly from the substrate, the
first spacer being of a generally elongated shape;

forming a second spacer between the second digit line and
the first spacer such that the seécond spacer extends
substantially perpendicularly from the substrate, the
second spacer being of a generally elongated shape;

forming a first conductive layer over the first spacer, the
second spacer, and the surface between the first and the
second digit lines, the first conductive layer functioning
as a first capacitor plate;

forming a dielectric layer over the first conductive layer;

forming a second conductive layer over the dielectric
layer, the second conductive layer functioning as a
second capacitor plate such that the substantially ver-
tical area of the first and the second spacers are
included in the area of the first conductive layer func-
tioning as a first capacitor plate;

forming a storage node contact between the first conduc-
tive layer and the semiconductor substrate; and

forming a third spacer, the third spacer comprising at least
first and second sides and positioned between the first
and second spacers and wherein the first conductive
layer is formed on the first and second sides of the third
spacer and at least a portion of any surface adjoining
between the third spacer and the first and the second
spacer. |
21. A method of forming a storage node capacitor for a
dynamic random access memory device comprising a first
digit line and a second digit line as defined in claim 20,
further comprising the step of forming a fourth spacer
comprising at least first and second sides, the fourth spacer
positioned between the second and third spacer and wherein
the first capacitor plate layer is formed on the first and
second sides of the fourth spacer and at least a portion of any
surface adjoining between the forth spacer and the second
and third spacers. |
22, A method of forming a storage node capacitor for a
dynamic random access memory device comprising a first
digit line and a second digit line as defined in claims 20,
whereln the spacers each comprise an elongated protrusion
extending substantially perpendicularly from the plane of
the substrate, the elongated protrusion having a height at
least two times as great as its width at its base. |
23. A method of forming a storage node capacitor for a
dynamic random access memory device comprising a first
digit line and a second digit line as defined in claims 21,
wherein the spacers each comprise an elongated protrusion
extending substantially perpendicularly from the plane of
the substrate, the elongated protrusion having a height at
least two times as great as its width at its base.
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